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Determination of Low Molecular Weight Organic Acids in
Pacific Silver Fir Leachates by Using
Ion Chromatography *!
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1. INTRODUCTION

Generally, low molecular weight organic
acid(LMWOA) is a compound which contains
hydroxyl, carboxyl groups in aliphatic chain or
phenolic ring. Under natural conditions, the
tops and roots of trees, shrubs, grasses, and

other native plants annually supply large quan-

tities of organic residue. Organic substances
present in forest floor may include those which
were exuded from plants, produced during de-
caying process of plant materials, or produced
by microorganisms. Accordingly, it is con-
sidered that the kind and amount of organic
substances in forest floor are largely influen-
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ced by the vegetation,*?

Organic acids are derived from intermediate
degradation products of lignin, products of
oxidative degradation of litter being produced
by decomposing microorganisms, and compon-
ents of the krebs cycle which is the final pat-
hway for conversion of organic material into
energy, carbon dioxide, and biosynthetic buil-
ding blocks.*¥ Organic acids are involved in
the solubilization, mobilization, and transport
of mineral matter in soil.>® Especially, it is
interesting that the presence of organic acids
in soil can help prevent acidification of streams
and creation of elevated dissolved Al concen-
trations toxic to fish.*” Physiologically, the

*2 pAlE) F=Yui®t Assistant, College of Forest Resources, AR —10 University of Washington, Seattle, WA 98195,

U. S A



role of organic acids in cell division, cell elon-
gation, and the action of growth regulator is
not clear, and the relation between organic
acid accumulation and production and the role
of mycorrhizal fungi have to be examined. In
addition, the concentration of each organic
acid in each source and what concentration is
favored in reaction with mineral are still ob-
scure, Among organic materials, organic acids
occur in excreting products from roots * and
in leachates from surface litter and needle >

A considerable input of organic compounds
from decomposing needles of pacific silver fir
which is a dominant species in the central Cas-
cades, Washington, U. S. A., are deposited on
the soil. However, little is known about the
amount or types of low molecular weight or-
ganic acids released from neddle and litter.
Therefore, the identification and quantifi-
cation of LMWOA is essential for understand-
ing their pedogenic role in this area. The pur-
pose of this paper is to present the application
of ion chromatography to determine simple or-
ganic acids in water leachates of fresh needle
and litter.

2. METHODS & PROCEDURES

2. 1 Sample Site

The site 1 have collected samples is the Cas-
cades Mountains of Washington State. The
site is at about 1130m (3700 feet) elevation in
an old growth stand of pacific silver fir and
hemlock. The precipitation here is about 235
cm per year,

2. 2 Sample Extraction and Preparation

The cutting sites of needles were sealed
with paraffin to prevent the flow of excreting
components, LMWOQOA’s were leached from sil-
ver fir needles with distilled water for 24 hrs.
Simulated decomposed needles were prepared
by soaking fresh needles in distilled water at
4 for 7days and 150days.

The extracted samples were filtered with
22um millipore membrane filter. For which are

particularly colored, the samples were neutral-
ized to a pH above 7.0 with dilute NaOH and
passed through C-18 Sep-pak to remove
hydrophobic organics such as fulvic /humic
acids which could poison column. Sometimes
chloroform (CHCls, 0.8% weight /volume)
was added to the filtered samples for protect-
ing organic acids from microbial growth,

2. 3 lon Chromatography

The identification and quantification of
LMWOA was performed by ion chromatograp-
hy utilizing conductivity detector.

Ion chromatography is one type of high per-
formance liquid chromatography (HPLC)., ™
The ion chromatography system utilized is a
Dionex 2010i system (Sunnyvale, CA) which
has been updated with the addition of a gradi-
ent pump, autoregenerating accessary, eluent
degas module, and automatic sample introduc-
tion system. A schematic of the setup is show-
nin Figure 1. The column used were a guard
column (MPIC-NG1), precolumn {(HPIC-
AGS5A), separator column (HPIC AS5A-5 g,
and membrane suppressor catridge (AMMS).
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Fig 1. Scheme of ion chromatography

The gradient pump mixes solution from two
sources to provide an eluent at 1ml/min
(typical psi about 2000) which initially is 0.5
mM NaOH and is progressively increased to



about 100 mM NaOH over the course of a 60
minute run (Table 1). This allows anions whic-
h only weakly associated with the exchange
resin to be separated early in a given run and
as the eluent increases in NaOH concen-
tration, the anions which are bound more
strongly with the exchange resin are separat-
ed. Therefore, both mono-, di-, and tri-carbox-
ylic acids may be separated, along with inor-
ganic anicns (fluoride, chloride, nitrate, car-
bonate, sulfate, and phosphate).

Table 1. Eluent gradient program

Time (min) % Eluent 1*' % Eluent 2*?
4] 100 0
10 90 10
50 80 20
53 60 40
60 100 0

*1:0.5mM NaQH
*2:200mM NaOH

Referring to Figure 1 the flow through the
chromatography system is as follows. Deion-
ized water is degassed by bubbling He gas
through it for 24 hours. Eluent 2 is 200 mM
NaOH and prepared by adding 16 ml of 50 %
NaOH per liter degassed deionized water. It is
imperative that the carbonates in the eluent
be kept as low as possible, otherwise the base-
line of the chromatograms would drift upward
excessively during the chromatography run. It
is best to use 50% liquid NaOH to prepare the
eluent since any CO:z which is introduced from
the atmosphere will precipitate as Na:COs will
settle out, therefore the 50% NaOH solution
should be added by pipet without disturbing
any Na:COs which has settled. Solid NaOH
adsorbs CQ: quickly and is not recommended
for eluent preparation. Eluent 1 is 0.5 mM
NaOH and is prepared by adding 2.5 mi of
eluent 2 per liter degassed deionized water.
Both eluents are kept under a He atmosphere
to prevent adsorption of atmospheric COz,

The eluents are mixed at the gradient pump
and the mixture is changed according to Table 1.

After the eluent leaves the gradient pump,
anion trap column (ATC) is used to remove
and release slowly carbonates or other anions
which may be present in the eluents. This hel-
ps to maintain a stable baseline of chromatog-
ram.

The sample is introduced by a 1504l sample
loop. The sample loocp may be filled manually
by a syringe or is filled from tubes in the aut-
osampler by sucking with a peristaltic pump.
In order to inject the sample, the sample loop
is brought into line with the eluent flow. The
sample and eluent first pass through a guard
column (NG-1) which is packed with a non-
polar resin to remove hydrophobic organics
such as humic and fulvic acids, which could
irreversibly adsorb and therby poison the
other column,

A second guard column consists of a short
separator column (AG-5A-5) followed by the
main separator column (AS5-5). The eluent
then passes through the anion micro-mem-
brane suppressor (AMMS). The purpose of
suppressor i1s to exchange protons for cations
in the eluent. This will result in the NaOH
eluent being converted to H20 and the anions
to their acidic form, therby resulting in a low-
er baseline conductivity and a higher signal
for some of the anions, The AMMS operates
by flowing 20 mM H:SQ0a through a cation
permeable membrane countercurrent to the
eluent. The accessory maintains the counter-
current flow at 20ml /min and also contains a
hydrogen-saturated cation exchange resin to
regenerate the H:50s consumed in the
AMMS.

Finally the sample is passed through a con-
ductivity cell and the conductivity is meas-
ured and automatically corrected for tempera-
ture (1.7% per). The stripchart recorder rec-
ords the time to elute and the conductivity is
recorded as peak height. The elution time is
utilized to identify the anion and the peak
height is used to calculate the concentration,
the concentration being determined by ratio-
ing a sample with a standard:



Sample concentration =
( Sample peak height

> w« Standard concen-
Standard peak height

tration

The concentration of the standard should be
near the sample concentration, alternatively a
concentration versus conductivity curve may
be generated by using multiple standards. The
identity of a given peak in a chromatogram is
confirmed by spiking the samplw with the
anion of similar retention time. Further verifi-
cation may be done by modifying the gradient
program and repeating the spiking test.
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Fig 2. Low molecular weight organic acids
(LMWOA). The concentratilon of stan-
dard organic acids was 1mg /1.

A standard containing 30 organic acids at a
concentration of 1 mg C /1 has been run and is
shown in Figure 2. The chromatogram show
retention time versus conductivity. The sam-
ple is injected at the start point, and this is
the starting time for the gradient program giv-
en Table 1,

3. RESULT & DISCUSSION

Ton chromatography is a new liquid chrom-

atographic technique which overcomes the
problems of separating and detection of highly
acidic and basic ions.'’® Because of its excep-
tional selectivity, sensitivity, and speed, ion
chromatography is suited to application in-
volving analysis of anions in natural waters,
Table 2 and figure 2 show the list of anions
which have been successfully separated and
detected.

The starting conductivity is about 2.5~3.5uS
/cm and increases about 4.5~5.5uS /cm over
throughout the gradient program as is evident
in the baseline conductivity. The peaks separ-
ate well except for the 4-carbon dicarboxylic
acids, and lactic and acetic acids do not separ-
ate (Fig. 2). For most of the organics the de-
tection limut is about 0.1C /1. These acids rep-
resent most of the C1 to Co mono- and di-car-
boxylic acids, both aliphatic and aromatic,

LMWOQOA's were extracted from fresh and
partially decayed silver fir needles (Fig. 3).
Initially, leaching with distilled water for 24
hrs vielded only acetic, formic, benzoic and
oxalic acids at a concentration of (0.1 to 1.0
mg /1(Table 3). The concentration and diver-
sity of LMWOQOA leached in distilled water
increased with continuing decomposition,
After 7 days of leaching, other aliphatic or-
ganic acids and aromatic acids were detected
at a concentration of 0.5 to 2.0 mg /| : acetic,
propionic, butyric, formic, benzoic, succinic,
malonic, tartaric, oxalic and vanillic acids
(Fig. 4). From litter leachates, McColl and
Pohlman ¥ identified oxalic, citric, aconitic,
succinic, fumaric, protocatechuic, p-hydrox-
ybenzoic, vanillic and salicylic acid. Kaurichev
et al. ¥ also determined organic acids in water
extract from spruce, moss and mixed litter.
He represented organic acids by volatile and
non-volatile acids, and among the latter, ox-
alic was invariably present and in the largest
quantity. Citric, fumaric, and glycolic acids
and, among the volatile acids, formic acid are
also found. Smith ® found acetic, aconitic, cit-
ric, fumaric, malic, malonic, oxalic and suc-
cinic acid from hard wood exudates. In the



Table 2. Organic acids characteristics listed in order of elution. The retention time is the time
from sample introduction until the anions eluted from the column and detected by the

conductivity detector,

Acid #C Formula R.T. pKal pKa?2 pKa3
Acetic 2 CHs COOH 7.26 4.75

Lactic 3 CHs CH(OH)COOH 7.26 3.08

Propionic 3 CHs CH: COOH 8.25 3.83

Butyric 4 CH3(CH:)2 COOH 8.58 4.82

Formic 1 HCOOH 11.55 3.75

Valeric 5 CH3(CH2)s COOH 11.88 4.82

Hexanoic 5 CH3(CH2)a COOH 14.85

Protocatechuic 7 3,4—OH AR COOH 18.15

Benzoic 6 AR COOH 20.79 4.19
Carbonate COs 26.00

Glutaric 5 COOH{CH2)s COOH 26.57 3.77 6.08
Adipic 6 COOH(CH2)+ COOH 26.90 4,42 5.41
Succinic 4 COOH (CH:): COOH 26.90 4.16 5.61
Malonic 3 COOH CH COOH 27.56 2.83 5.69
Aspartic 4 COOH CH=CH COOH 28.38 1.83 6.07
Malic 4 COOH CH(OH) CH: COOH 28.38 3.40 5.11
Tartaric 4 COOH CH (OH) CH (OH) (COOH) 29.04 3.04 4.37
Oxalic 2 COOH COOH 30,36 1.23 4.19
Fumaric 4 COOH CH=CH COOH 34.32 3.10 4.60
Phthalic 8 1,2—COOH AR 36.47 2.89 5.51
Vanillic 8 3—0OH 4—COHis AR COOH 42.57 4.36

P~ OH benzoic 7 4—0OH AR COOH 45.54 4.48 9.32
Citric 6 COOH CH: C(OH) (COOH) (CH:COOH) 47.36 3.14 4.77 6.39
Salicylic 7 2—0H AR COOH 48.35 2.98 12.38
Gallic 7 3,4,5—0OH AR COOH 49.83 4.41

Aconitic 6 COCH CO=C (COOH) CH:COOH) 51.28

gravitational water and capillary water of lit-
ter leachates, Vedy and Bruckert ¥ showed
the presence of acetic, formic, lactic, oxalic,
malic, citric and these compounds continu-
ously produced from the litter. Likens * and
Keene " identified many organic acids in pre-
cipitation and mentioned that formic and acet-
ic acids were a major source of acidity in pre-
cipitation,

After long leaching (150 days), the concen-
tration increased and the variety and com-
plexity was greater (Fig. 5). Numerous substi-
tuted benzoic acid derivatives were produced
in 150 days of leaching; benzoic, phthalic, van-
illic, and p-hydroxybenzoic acids. Plant cell

walls contain p-coumaric, ferulic and p-hydrox-
ybenzoic acids which are bound to polysacchar-
ides. However, in litter leachates collected by
lysimeters, phenolic acids which are degra-
dation products of lignin ** '’ and may be leac-
hed from plant litter ¥ were not easily det-
ected. Whitehead ¥ and Shindo and Kuw-
atsuka ™ reported the occurrence of p-hydrox-
y benzoic, vanillic, p-coumaric, ferulic, syrin-
gic, salicylic, and protocatechuic acids in most
of the soils, but did not detect gallic, caffeic,
sinapic acids, resorcinol, and phloroglucinol,
Usually, total quantities of the phenolic acids
amounted to 0.004-0.009 percent of the total
organic matter of the soil, and such small
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Table 3. Concentration of LMWOA after 24
hrs 7 days, and 150 days decompo-
sition in distilled water (ppm) = /‘n\
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Citric 0.12 17.37 Fig 5. LMWOA extracted from needles.
Aconitic 3.57 decomposed for 150days (25times

amount was to be expected in view of the sus-
ceptibility of phenolic compounds to microbial
attack and possibly to leaching and reaction
with other constituents. As noted by Whit-
ehead and Hartley, 2 phenolic acids might be

dilution)

bound to high molecular weight polymer such
as humic /fulvic acids after leaching in litter.
These LMWOA may originate from leach



ing of needles and from microbial degradation
of dissolved organic matter. Acetic, oxalic, for-
mic, propionic, fumaric and malonic acids are
all products of oxidative degradation. Simple
phenolic acids (i. e. p-hydroxybenzoic and van-
illic) may be intermediate products of lignin

degradation.

117 Phenolic acids are especially

important with respect to humus formation.
One perplexing characteristic of soluble or-
ganic acids leached from needles is that they
are short-lived and often can not be easily
found in litter leachates. The litter leachates
collected by lysimeters does not contain phe-
nolic acids, but litter leachates obtained by
centrifugation show the presence of small

quantities (0.05 to 1.15 mg /1) of phenolic acid-

[

Several investigators

(benzoic, p-hydroxybenzoic and vanillic).
3 have demonstrated

that extracts of fresh and decaying leaves
have the ahility to solubilize, complex, and
transport Fe, Al, and other metals in soil. The
data showed the presence of several aliphatic
acids including acetic, propionic, butyric, for-
mic, malonic, oxalic, fumaric, citric and acon-
itic acids. Some of these short chain aliphatic
acids are reported to form stable 5- and 6-
membered ring structures with metals (chela-
tion), *

However, low molecular weight organic acid-

s generally can not be exactly decided whet-
her the isolated acid belongs to the constituen-
ts of an organism or whether it is a transform-
ation product.

4. CONCLUSION

. Ion chromatography is a sensitive and use-

ful analytical technique which has the capa-
bility of analyzing for a number of import-
ant anions In the leachates of needles and
litter.

. The concentration and diversity of low mol-

ecular weight organic acids increases as
time of leaching /decomposition increases.

. Acetic, formic and oxalic acids are leached

after 24 hrs from needles in distilled water,

4.

L
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4.

5.

7.

9.

and these aliphatic organic acids increase
after 7days, probably due to long leaching
and oxidative degradation.

Phenolic acids (i. e. p-hydroxybenzoic and
vanillic) appear after 150 days of leaching,
suggesting that these low molecular weight
organic acids derive from lignin degra-
dation,
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